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ALD METHOD TO IMPROVE SURFACE 
COVERAGE 

FIELD OF THE INVENTION 

[0001] The invention relates to a method for depositing a 
?lm on a substrate in a semiconductor device, and more 
particularly, to an atomic layer deposition process for 
improving surface coverage using an adherent material. The 
invention also relates to novel ?lm compositions having 
successive layers built upon a material Which is adsorbed 
onto the surface of a substrate. 

BACKGROUND OF THE INVENTION 

[0002] Various technologies have noW been developed for 
applying thin ?lms to substrates used in manufacturing 
semiconductor devices. Among the more established tech 
niques is Chemical Vapor Deposition (CVD). Atomic Layer 
Deposition (ALD), a variant of CVD, is a relatively neWer 
technology noW emerging as a potentially superior method 
of achieving highly uniform, conformal ?lm deposition. 
ALD, although a sloWer process than CVD), has often 
demonstrated an outstanding ability to maintain ultra-uni 
form thin deposition layers over complex topology. This is 
at least partially true because ALD is not as ?uX dependent 
as is CVD. This ?ux-independent nature of ALD alloWs 
processing at loWer temperatures than With conventional 
CVD methods. 

[0003] ALD processes proceed by chemisorption at the 
deposition surface of the substrate. The technology of ALD 
is based on concepts of atomic layer epitaXy developed years 
earlier for groWing polycrystalline and amorphous ?lms of 
Zinc sul?de, for eXample, and dielectric oXides for electrolu 
minescent display devices. The technique of ALD is based 
on the principle of the formation of a saturated monolayer of 
reactive precursor molecules by chemisorption. In ALD 
appropriate reactive precursors are alternately pulsed into a 
deposition chamber. Each injection of a reactive precursor is 
separated by an inert gas, e.g. Ar, purge. Each precursor 
injection provides a neW atomic layer additive to previously 
deposited layers to form a uniform layer of solid ?lm. The 
cycle can be repeated until the desired ?lm thickness is 
attained. Thus, the introduction of the gasAx is folloWed by 
introduction of a gas By to form a layer of AB material. This 
process of introducing Ax and then By can be repeated a 
number of times to achieve an AB ?lm of a desired thick 
ness. 

[0004] While ALD typically alloWs for the formation of 
high quality, uniform ?lms across a Wide array of surface 
topologies, problems can still arise. In general, deposition 
initiation, i.e. formation of the ?rst layer or feW layers, is 
often the most problematic stage of ?lm formation With 
ALD. In the preceding eXample, for instance, the subgroup 
X on the Ax gas can be a large, bulky molecule Which can 
sterically hinder the formation of a continuous monolayer. In 
addition, the chemisorbent nature of Ax may be such that 
While it adheres adequately to the underlying substrate, it 
can adsorb to other materials and thereby interfere With the 
subsequent reaction of compounds utiliZed to form succeed 
ing layers. 

[0005] What is therefore needed in the art is a neW method 
of ALD Which overcomes the disadvantages associated With 
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this deposition technique. Also needed is a neW ?lm com 
position for use on a Wide array of substrates in semicon 
ductor devices. 

SUMMARY OF THE INVENTION 

[0006] The invention provides a method of depositing a 
?lm on a substrate in a semiconductor device. Using ALD 
process conditions hereinafter described, the substrate is ?rst 
eXposed to at least one adherent material in a quantity 
suf?cient for the material to adhere or adsorb onto the 
surface of the substrate and thereby form an initiation layer 
over the substrate. The initiation layer presents at least one 
?rst reactive moiety Which is then chemically reacted With 
at least one ?rst reaction material to form a second reactive 
moiety. The second reactive moiety is then chemically 
reacted With at least one second reaction material so as to 
form a reaction layer over the initiation layer. The initiation 
layer is not substantially degraded during formation of the 
reaction layer, and together With the reaction layer can 
constitute the ?nal ?lm. Additional reaction layers may also 
be formed over the initiation layer, and all these layers 
together Will then constitute the ?nal ?lm. 

[0007] In a further aspect of the invention, there is pro 
vided a ?lm suitable for use on a substrate in a semicon 

ductor device. The ?lm has an initiation layer of an adherent 
material, and one or more reaction layers formed over the 
initiation layer. Each of the reaction layers may be com 
prised of a metal or metal-bearing compound. 

[0008] Additional advantages and features of the present 
invention Will become more readily apparent from the 
folloWing detailed description and draWings Which illustrate 
various embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a cross-sectional vieW of a semiconductor 
device in an intermediate stage of fabrication. 

[0010] FIGS. 2A and 2B are cross-sectional vieWs of the 
device shoWn in FIG. 1 in further stages of fabrication. 

[0011] FIGS. 3A and 3B are cross sectional vieWs of the 
device shoWn in FIG. 2 in further stages of fabrication. 

[0012] FIGS. 4A, 4B, 4C and 4D are cross sectional vieWs 
of the device shoWn in FIG. 2 in further stages of fabrica 
tion. 

[0013] FIGS. 5A, 5B, 5C and 5D are cross sectional vieWs 
of a semiconductor device in successive stages of fabrication 
according to an alternative embodiment of the invention. 

[0014] FIG. 6 is a cross sectional vieW of a semiconductor 
device illustrating a barrier ?lm according an embodiment of 
the invention. 

[0015] FIG. 7 is a cross sectional vieW of a semiconductor 
gate stack shoWing a silicon dioxide ?lm according to an 
embodiment of the invention. 

[0016] FIG. 8 is a block diagram of a typical processor 
based system Which includes integrated circuits that utiliZe 
the ?lm(s) of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0017] The invention relates to the formation of ?lm on 
substrates in is semiconductor devices using atomic layer 
deposition 
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[0018] Reference herein shall also be made to the terms 
“Wafer” and “substrate”, Which are to be understood as 
including a silicon base, silicon-on-insulator (SOI) or sili 
con-on-sapphire (SOS) structures, doped and undoped semi 
conductors, epitaxial layers of silicon supported by a base 
semiconductor foundation , and other semiconductor struc 
tures. In addition , When reference is made to a “Wafer” or 

“substrate” in the folloWing description, previous process 
steps may have been utiliZed to form arrays, regions or 
junctions in or on the base semiconductor structure or 
foundation. In addition, the semiconductor need not be 
silicon-based, but could be based on silicon-germanium, 
germanium or gallium arsenide. The term “substrate” as 
used herein may also refer to any type of generic base or 
foundation structure. 

[0019] Referring noW to the draWings in Which like 
numerals indicate like components throughout the various 
embodiments, FIG. 1 is a cross sectional vieW of a semi 
conductor device 10 having a substrate 12 in an intermediate 
stage of fabrication. According to the invention, an initiation 
layer 14 is ?rst deposited on the substrate 12 under reaction 
conditions utiliZed for ALD. Thus, the reaction is conducted 
in a suitable ALD reaction chamber at a temperature Within 
the range of about 100° C. to about 600° C. Preferably, the 
operating temperature is Within the range of about 200° C. 
to about 400° C., and more desirably is Within the range of 
about 250° C. to about 350° C. The operating pressure for 
the ALD process is typically Within the range of about 1.0 
milliTorr to about 10 Torr, and more preferably about 30 
milliTorr to about 1 Torr. FloW rates of the gaseous material 
entering the ALD reaction chamber can vary, and can easily 
be adjusted by the skilled artisan. 

[0020] The initiation layer 14 is comprised of an adherent 
material Which adheres or sticks to the surface of the 
substrate 12. In a preferred embodiment, the adherent mate 
rial may also be referred to as a chemisorbent, adsorbent, or 
chemiadsorbent material. The terms “chemisorbs”, 
“adsorbs”, and “chemiadsorbs” are to be understood as 
being interchangeable herein and shall mean that the initia 
tion layer, by means of physical and/or chemical forces, 
adheres or sticks to the surface of the substrate 12. Thus, the 
initiation layer may preferably be said to be comprised of a 
“chemisorbent” material, and thus the term “chemisorbent” 
is meant to encompass all mechanisms, including chemical, 
physical and combination mechanisms, by Which the initia 
tion layer can adhere or stick to the substrate 12. While all 
such compounds or materials are contemplated for use 
herein, it is preferred that the adherent material be substan 
tially substrate-independent, meaning that it can adhere to a 
Wide variety of semiconductor substrate materials, particu 
larly a Wide range of silicon-based compounds, eg silicon 
and doped polysilicon. Apreferred adherent material for use 
as the initiation layer 14 is a titanium containing compound, 
of Which tetrakisdimethylamino titanium (Ti(—N(CH3)2)4) 
(TDMAT) and titanium chloride (TiCI4) are desirable, either 
alone or in combination. TDMAT may be especially desir 
able, and has noW been shoWn to be an especially good 
adherent material. Another useful adherent material is Zinc 
chloride. Other useful compounds can include tetraethoXy 
orthosilicate (TEOS), aluminum trichloride, trimethylgal 
lium, trimethyl aluminum and trimethylZinc, for eXample. 

[0021] It is preferable that the level of adsorption to the 
substrate 12 by the adherent material forming the initiation 
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layer 14 be at least Within the range of about 1% to about 
10%. More preferably, the level of adsorption should pref 
erably be at least about 30%. This means that during 
formation of the initiation layer, a total quantity equal to or 
greater than about 30% of the surface area of the substrate 
12 Will preferably have the adherent material adhere or 
chemiadsorb thereto. Current adsorption techniques often 
only result in a small quantity or even a negligible portion 
of the surface area of the substrate being covered. The 
invention herein contemplates a much higher level of adher 
ence. It is therefore desirable to have a level of adherence in 
eXcess of about 50%. It is even more preferred to attain in 
eXcess of about 80%, and even in eXcess of about a 90% 
level of adherence. With this higher level of adherence, there 
is more material that is adhered or adsorbed to the substrate 
surface, Which in turn means there are more attendant 
chemical moieties available for subsequent reaction to form 
additional ?lm layers, as hereinafter described. A higher 
level of adherence also means that the initiation layer is Well 
anchored to the substrate and can in turn support additional 
?lm layers. The actual level of adherence obtained may 
ultimately depend upon several factors, including the chemi 
sorbent material(s) utiliZed, the composition and topography 
of the substrate, as Well as on the process parameters 
heretofore described. 

[0022] While the initiation layer 14 should have a high 
level of adherence to the surface of the substrate, there 
should be substantially no adherence by the initiation layer, 
or more speci?cally its attendant chemical moieties, to any 
other ?lm-forming materials as set forth in more detail 
beloW. In other Words, the initiation layer should not stick or 
adhere to these additional ?lm-forming materials in the 
chemisorption sense, but should instead chemically react 
With them in the traditional sense to form the additional ?lm 
layers. 

[0023] The adherent material forming the initiation layer 
14 should present at least one reactive moiety 16 as a 
component thereof This moiety 16 may be any chemical 
moiety Which is capable of further chemical reaction. While 
not Wishing to be bound by any particular theory, it appears 
that the reactive moiety 16 Will protrude or eXtend from the 
surface of the initiation layer so as to be in a sterically 
favored position for further chemical reaction. Chemical 
ligand groups can constitute the reactive moiety 16 (e.g.— 
CH3, —NH3), as can individual atoms, such as a hydrogen 
(—H) or a chloro—(—Cl) group, for eXample. As a further 
eXample, the reactive moieties 16 presented by the com 
pound TDMAT are one or more dimethyl amino ligands 

(—N(CH3)2)> e~g~ as —Ti(—N(CH3)2)3> =Ti(—N(CH3)2)2> 
=Ti(—N(CH3)2). In the eXample using titanium chloride 
(TiCl4), the reactive moieties 16 Would be the chloro—(— 
Cl) substituents, eg as —TiCl3, =TiCI2 and =TiCl. 

[0024] Referring noW to FIG. 2A, the ?rst reactive moiety 
16 of the adherent material forming the initiation layer 14 is 
reacted With at least one ?rst reaction material 18. With 
reference noW to FIG. 2B, under the aforesaid ALD condi 
tions the ?rst reaction material 18 reacts With the ?rst 
reactive moiety 16 to form a second reactive moiety 20. The 
reaction may be a displacement reaction, for eXample, With 
one or more chemical components of the ?rst reaction 
material 18 displacing one or more components of the ?rst 
reactive moiety 16 to form the second reactive moiety 20. In 
the eXample in Which TDMAT functions as the adherent 
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material for the initiation layer 14 With one or more exposed 
dimethyl amino ligands as the ?rst reactive moiety(ies) 16, 
the ?rst reaction material 18 may be one or more compounds 
selected from the group consisting of gaseous nitrogen 
containing compounds, including mixtures thereof. These 
compounds can include, for eXample, nitric oXide, nitrous 
oxide, nitrogen, and ammonia (NH3). Nitrogen and ammo 
nia are preferred, and ammonia is particularly preferred. 
Introduction of ammonia, for eXample, alloWs for the for 
mation of a Ti—N—H linkage unit as the second reactive 
moiety 20. Other suitable ?rst reaction materials 18 can 
include SiH4, PH3 HZS and even Water vapor. 

[0025] Referring noW to FIG. 3A, the ALD process con 
tinues in Which a second reaction material 22 is reacted With 
the second reactive moiety 20. The second reaction material 
22 can be any chemical element or compound Which Will 
react With the moiety 20 to form a ?lm layer over the 
initiation layer 14. In certain embodiments, the second 
reaction material 22 may be Water vapor. In other embodi 
ments, the second reaction material is preferably a metal or 
metal-bearing compound. Of these, tungsten-bearing com 
pounds may be especially desirable. Tungsten heXa?uoride 
(W136) is particularly preferred for use When TDMAT is 
utiliZed as the adherent material for the initiation layer 14, 
and When a nitrogen-bearing compound is used as the ?rst 
reaction material 18. Introduction of WF6 as the second 
reaction material 22 permits the displacement of hydrogen 
(—H) groups to form Ti—N—W—F bonds. 

[0026] Referring noW to FIG. 3B, a reaction layer 24 is 
formed from the reaction of the second reactive moiety 20 
With the second reaction material 22. The reaction layer 24 
at least partially overlays the initiation layer 14, and should 
preferably cover most or all of the initiation layer. In 
addition, under ALD process conditions as heretofore 
described it is preferable that the initiation layer 14 not be 
substantially degraded during the reaction betWeen the sec 
ond reactive moiety 20 and the second reaction material 22 
Which culminates in the formation of the reaction layer 24. 
In other Words, the invention provides that at least a sub 
stantial majority of the initiation layer 14 initially formed on 
the surface of the substrate 12 Will still be adsorbed thereto 
after formation of the reaction layer 24. More desirably, at 
least about 90% of the initiation layer Will still be adsorbed 
to the substrate 12 after formation of the reaction layer 24. 
It is even more preferred that at least about 95% of the 
initiation layer remain intact during the ALD process. More 
preferably, about 100% of the initiation layer is preserved. 

[0027] In an additional embodiment of the invention 
shoWn in FIGS. 4A through 4D, further subsequent intro 
duction of the ?rst reaction material 18, either alone, or 
together With further subsequent introduction of the second 
reaction material 22 can permit the formation of additional 
or successive reaction layers 26, 28, 30 and 32 etc. over the 
?rst reaction layer 24 using the ALD process parameters 
(temperature, pressure and How rate) as heretofore 
described. There is theoretically no limit to the number of 
additional reaction layers Which may be formed in this 
manner, depending upon the ?nal thickness of the ?lm 
desired. There can be at least about one, tWo, three, four or 
even about ?ve or more additional reaction layers. In certain 
embodiments, there can be in eXcess of ?ve additional layers 
and as many as about ten or more successive reaction layers 
formed over the ?rst reaction layer 24. The initiation layer 
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14 together With the reaction layer(s) 24, 26, 28, 30 and 32 
etc. Will constitute the ?nal ?lm on the substrate 12. 

[0028] It is preferable that the initiation layer and the 
reaction layer(s) be comprised of different materials. Thus in 
the eXample using TDMAT to form the initiation layer 14, it 
may be preferred to deposit successive reaction layers of 
WNX (using NH3 as the ?rst reaction material 18 and WF6 
as the second reaction material 22) over a layer of Ti to form 
the ?nal ?lm (Wherein X is preferably an integer 1, 2, 3, 4 
etc.). Once again, it should be noted that the initiation layer 
14 is not substantially degraded during formation of each of 
the successive reaction layers, in the manner as heretofore 
described. Moreover, the initiation layer is a relatively thin 
layer compared to the ?rst reaction layer 24, and by eXten 
sion, to any additional layers 26, 28, 30 and 32 etc. formed 
thereover. The initiation layer should not be greater than 
about 50 Angstroms thick, and preferably should not eXceed 
about 10 Angstroms in thickness. It is further desirable that 
the initiation layer not be more than about 1 or 2 Angstroms 
thick. Each reaction layer may be anyWhere from about 
tWice the thickness of the initiation layer to more preferably 
Within the range of about 10 times to about 100 times as 
thick. Overall, the ?nal ?lm is typically on the order of about 
a feW hundred Angstroms to several hundred Angstroms in 
thickness. 

[0029] Referring noW to FIGS. 5A through SD, there is 
shoWn another embodiment of the invention. Many adherent 
materials Which constitute the initiation layer 14 may 
present large, bulky and/or sterically unfavored reactive 
moieties 16 Which can make the uniform deposition of ?lm 
layers problematic. In order to achieve a highly conformal 
?lm With substantially uniform thickness reaction layers 24, 
and 26 etc. thereover, it may be desirable to initially proceed 
With formation of one or more initiation layers 14, together 
With reaction layer(s) 24 and 26 etc. as heretofore described 
on only one part or parts of the substrate 12, as shoWn in 
FIG. 5A. Thereafter as shoWn in FIG. 5B, the process is 
then repeated starting With additional deposition of adherent 
material constituting the initiation layer 14a onto the sub 
strate 12, folloWed by the deposition of layers 24a and 26a, 
etc. As shoWn in FIGS. 5C and 5D, successive reaction 
layers 24b, 26b and 24c, 26c may then be formed on the 
neWly installed initiation layer(s) 14b and 14c, respectively. 
Successive deposition in this manner often permits the ?nal 
?lm to be formed and “built up” in a manner Which makes 
the most advantageous use-of the chemical reactivities of the 
reaction moieties 16 and 20 (shoWn in FIGS. 1, 2 and 3) 
present on the initiation layer, While minimiZing any steric 
disadvantages these moieties may present. Films formed in 
this manner can often be more uniformly applied than those 
Which are traditionally formed 

[0030] Due at least in part to their improved surface 
coverage, the ?lms herein described have Wide applicability 
in the semiconductor industry. One eXample is the use of the 
?lm of the invention as a barrier ?lm, as is shoWn in FIG. 
6. Asemiconductor device 110 has a substrate 112 With gate 
stacks 140 formed thereon. Field oXide regions 142 and gate 
oXide regions 144 are also formed in the substrate 112. An 
insulative layer 146, usually of a material such as Boro 
Phospho-Silicate Glass (BPSG) is also formed over the 
substrate 112 and gate stacks 140. The layer of insulating 
material 146 may, in actuality, be formed as one or more 
layers of insulating material of, for eXample, BPSG. ShoWn 
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implanted in the insulative layer 146 is a conductor plug 
148, Which may be formed of a suitable material known in 
the art. A via or contact 150 has been formed over the 
conductor plug 148 using Wet or dry etching or other known 
techniques. Abarrier ?lm 152 is formed on the sides of the 
contact 150 using the method of the invention. The barrier 
?lm 152 acts to prevent reaction betWeen the material 
constituting the conductor plug 148 and any subsequent 
material Which is introduced into the contact 150. As an 
example, the barrier ?lm may be formed of a thin initiation 
layer of Ti formed from TDMAT, With successive reaction 
layers thereover of WNx using NH3 as the ?rst reaction 
material and WF6 as the second reaction material. 

[0031] Still another embodiment of the invention is shoWn 
in FIG. 7. Prior to formation of the gate stacks 140, the gate 
?lm 154 of the invention may be formed atop the substrate 
112. The gate ?lm 154 is formed of a layer such as silicon 
dioxide (SiO2) formed over an initiation layer of TEOS. The 
SiO2 layer is in turn formed from SiH4 as the ?rst reaction 
material and H20 vapor as the second reaction material. 
Upon formation of the gate ?lm 154, the gate stacks are then 
formed thereover using methods knoWn in the art. The parts 
of the ?lm 154 Which are not in contact With the gate stack 
140 are removed using etching or CMP methods knoWn in 
the art. 

[0032] A typical processor based system Which includes 
integrated circuits that utiliZe one or more of the ?lms 
formed in accordance With the present invention is illus 
trated generally at 200 in FIG. 8. Aprocessor based system, 
such as a computer system, for example, generally com 
prises a central processing unit (CPU) 210, for example, a 
microprocessor, that communicates With one or more input/ 
output (I/O) devices 240, and a hard drive 250 over a bus 
system 270 Which may include one or more busses and/or 
bus bridges. The computer system 200 also includes a hard 
disk drive 220, a ?oppy disk drive 230, a random access 
memory (RAM) 260, a read only memory (ROM) 280 and, 
in the case of a computer system may include other periph 
eral devices such as a compact disk (CD) ROM drive 230 
Which also communicate With CPU 210 over the bus 270. 
The invention may be used in one or more of the processor, 
RAM and ROM. While FIG. 8 shoWs one exemplary 
computer system architecture, many others are also possible. 

[0033] The foregoing description is illustrative of exem 
plary embodiments Which achieve the objects, features and 
advantages of the present invention. It should be apparent 
that many changes, modi?cations, substitutions may be 
made to the described embodiments Without departing from 
the spirit or scope of the invention. The invention is not to 
be considered as limited by the foregoing description or 
embodiments, but is only limited by the construed scope of 
the appended claims. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 
1. A method of depositing a ?lm on a substrate of a 

semiconductor device, comprising: 

a) exposing said substrate to at least one adherent material 
in a quantity suf?cient for said material to adsorb onto 
said substrate to thereby form an initiation layer, said 
initiation layer presenting at least one ?rst reactive 
moiety; 

Jul. 11, 2002 

b) chemically reacting said ?rst reactive moiety With at 
least one ?rst reaction material to form a second 
reactive moiety; and 

c) chemically reacting said second reactive moiety With at 
least one second reaction material, Wherein said steps a) 
through c) are performed under atomic layer deposition 
conditions suf?cient to form at least one reaction layer 
over said initiation layer, Whereby said initiation layer 
material is not substantially degraded during said steps 
b) and c). 

2. The method of claim 1, further comprising the step of 
again reacting said ?rst reaction material With said second 
reaction material after completion of step c) to form at least 
one additional reaction layer over said at least one reaction 
layer. 

3. The method of claim 2, Wherein said step of again 
reacting is performed at least ?ve times. 

4. The method of claim 3, Wherein said step of again 
reacting is performed at least ten times. 

5. The method of claim 1, Wherein a level of adsorption 
by said adherent material is equal to or greater than about 
30% after formation of said initiation layer. 

6. The method of claim 5, Wherein a level of adsorption 
by said adherent material is greater than about 50%. 

7. The method of claim 6, Wherein said level is at least 
about 80%. 

8. The method of claim 7, Wherein said level is at least 
about 90%. 

9. The method of claim 1, Wherein said moiety is steri 
cally favored to react With said at least one ?rst reaction 
material. 

10. The method of claim 1, Wherein said adherent material 
is substantially substrate independent. 

11. The method of claim 10, Wherein said substrate is 
comprised of silicon or a silicon-containing compound or 
alloy. 

12. The method of claim 10, Wherein said substrate 
comprises silicon. 

13. The method of claim 1, Wherein said moiety is a 
sterically favored ligand group. 

14. The method of claim 1, Wherein said atomic layer 
deposition is performed at a temperature Within the range of 
about 100 to about 600° C. 

15. The method of claim 14, Wherein said atomic layer 
deposition is performed at a temperature Within the range of 
about 200 to about 400° C. 

16. The method of claim 15, Wherein said atomic layer 
deposition is performed at a temperature Within the range of 
about 250 to about 350° C. 

17. The method of claim 14, Wherein said atomic layer 
deposition is performed at an operating pressure Within the 
range of about 1.0 milliTorr to about 10 Torr. 

18. The method of claim 17, Wherein said atomic layer 
deposition is performed at an operating pressure Within the 
range of about 30 milliTorr to about 1 Torr. 

19. The method of claim 1, Wherein said adherent material 
is at least one member selected from the group consisting of 
titanium-containing compounds. 

20. The method of claim 19, Wherein said at least one ?rst 
reaction material is at least one gaseous nitrogen-containing 
compound, and said adherent material is at least one member 
from the group of tetrakisdimethylamino titanium and tita 
nium chloride. 
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21. The method of claim 20, wherein said at least one ?rst 
reaction material is at least one member selected from the 
group consisting of nitric oxide, nitrous oxide, nitrogen and 
ammonia. 

22. The method of claim 21, Wherein said at least one ?rst 
reaction material is selected from the group consisting of 
nitrogen and ammonia. 

23. The method of claim 22, Wherein said at least one ?rst 
reaction material is ammonia. 

24. The method of claim 20, Wherein said at least one 
second reaction material is at least one member selected 
from the group consisting of metal bearing compounds. 

25. The method of claim 24, Wherein said at least one 
second reaction material is at least one member selected 
from the group consisting of tungsten-containing com 
pounds. 

26. The method of claim 25, Wherein said at least one 
second reaction material is tungsten ?uoride (W136) and said 
reaction layer is comprised of WNX. 

27. The method of claim 1, Wherein steps a), b) and c) are 
repeated at least tWice on different parts of said substrate. 

28. The method of claim 2, further comprising the step of 
repeating steps a), b) and c) on different parts of said 
substrate. 

29. A method of depositing a ?lm on a substrate in a 
semiconductor device, comprising: 

a) eXposing said substrate to tetrakisdimethylamino tita 
nium in a quantity suf?cient for said compound to 
adsorb onto said substrate in a manner such that said 
adsorbed material forms an initiation layer over said 
substrate and further presents at least one reactive 
dimethylamino ligand; 

b) reacting said at least one dimethylamino ligand With at 
least one ?rst reaction material selected from the group 
consisting of nitrogenbearing compounds to thereby 
form a second reactive moiety; and 

c) reacting said second reactive moiety With a tungsten 
bearing compound, Wherein said steps a) through c) are 
performed using an atomic layer deposition process at 
a temperature of about 250° C. to about 350° C. so as 
to form a reaction layer of tungsten nitride (WNX) over 
said initiation layer, Whereby said initiation layer is not 
substantially degraded by said atomic layer deposition 
process. 

30. The method of claim 29, Wherein said nitrogen 
bearing compound is at least one member selected from the 
group consisting of nitrogen and ammonia gases. 

31. The method of claim 29, Wherein said tungsten 
bearing compound is tungsten heXa?uoride. 

32. The method of claim 29, Wherein said initiation layer 
is at least about 95% intact after said atomic layer deposition 
process. 

33. A ?lm provided on a substrate in a semiconductor 
device, comprising: 

a) an initiation layer of an adherent material Which is 
adsorbed to the surface of said substrate; and 

b) one or reaction layers over said initiation layer, Wherein 
each of said reaction layers is comprised of a metal or 
metallic compound; Wherein said adherent material has 
been at least about 30% adsorbed in forming said 
initiation layer. 
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34. The ?lm of claim 33, Wherein said initiation layer is 
not more than about 50 Angstroms thick. 

35. The ?lm of claim 34, Wherein said initiation layer is 
not more than about 10 Angstroms thick. 

36. The ?lm of claim 33, Wherein said initiation layer 
chemisorbs onto said substrate, but does not chemisorbs to 
said additional layer. 

37. The ?lm of claim 33, comprising at least tWo addi 
tional reaction layers. 

38. The ?lm of claim 37, comprising at least ?ve addi 
tional reaction layers. 

39. The ?lm of claim 38, comprising at least ten additional 
reaction layers. 

40. The ?lm of claim 38, Wherein said additional reaction 
layer(s) are at least ?ve times as thick as said initiation layer. 

41. The ?lm of claim 33, Wherein said ?lm is a barrier 
?lm. 

42. The ?lm of claim 33, Wherein said ?lm is a gate oXide 
?lm. 

43. The ?lm of claim 40, Wherein said initiation layer is 
adsorbed onto at least about 50% of said substrate. 

44. The ?lm of claim 37, Wherein said initiation layer is 
adsorbed onto at least about 80% of said substrate. 

45. The ?lm of claim 44, Wherein said initiation layer is 
adsorbed onto at least about 90% of said substrate. 

46. The ?lm of claim 33, Wherein said initiator layer is at 
least one Zinc-containing compound. 

47. The ?lm of claim 46, Wherein said initiator layer is a 
Zinc salt. 

48. The ?lm of claim 47, Wherein said Zinc salt is Zinc 
chloride. 

49. The ?lm of claim 46, Wherein said reaction layer(s) is 
Zinc sul?de. 

50. The ?lm of claim 33, Wherein said reaction layer is a 
tungsten-containing compound. 

51. The ?lm of claim 50, Wherein said reaction layer is 
tungsten nitride (WNX) and said initiation layer is a titanium 
containing compound. 

52. The ?lm of claim 51, Wherein said initiation layer 
consists essentially of titanium. 

53. A semiconductor device, comprising: 

a) a substrate; 

b) an insulative layer over said substrate; 

c) a conductive contact formed in said insulative layer; 
and 

c) a barrier ?lm coating at least part of a surface of said 
contact, Wherein said barrier ?lm comprises an initia 
tion layer and at least one reaction layer over said 
initiation layer, Wherein said initiation layer is com 
prised of at least one material Which adheres to the 
surface of said contact. 

54. The device of claim 53, Wherein said initiation layer 
is no more than about 10 Angstroms thick. 

55. The device of claim 53, Wherein said initiation layer 
chemiadsorbs to said surface but is not chemiadsorbed to 
said additional layer(s). 

56. The device of claim 53, Wherein said initiation layer 
is comprised of a titanium-containing compound. 

57. The device of claim 56, Wherein said initiation layer 
is comprised of titanium. 

58. The device of claim 53, Wherein said reaction layer is 
comprised of a tungsten-containing compound. 
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59. The device of claim 58, wherein said reaction layer is 
comprised of tungsten nitride. 

60. The device of claim 53, Wherein said reaction layer is 
comprised of a Zinc salt. 

61. The device of claim 59, Wherein said Zinc salt is Zinc 
sul?de. 

62. The device of claim 60, Wherein said initiation layer 
is Zinc chloride. 

63. A semiconductor device, comprising: 

a) a substrate; 

b) at least one gate stack formed on said substrate; and 

c) a gate oXide ?lm in said gate stack, Wherein said gate 
oXide ?lm is comprised of at least one initiation layer 
and at least one reaction layer, said initiation layer 
being formed of a material Which adheres to said 
substrate. 

64. The device of claim 63, Wherein said gate oXide ?lm 
is formed from an initiation layer and at least one reaction 
layer. 

65. The device of claim 64, Wherein said gate oXide ?lm 
comprises an initiation layer in contact With said substrate, 
and at least one reaction layer in contact With said gate stack. 

66. The device of claim 65, Wherein said initiation layer 
is comprised of a chemisorbent material Which chemiad 
sorbs to said substrate but not to said reaction layer(s). 

67. The device of claim 66, Wherein said gate oXide ?lm 
is comprised of an initiation layer of TEOS and a reaction 
layer of SiO2 formed over said initiation layer. 

68. The device of claim 67, Wherein said reaction layer is 
formed from SiH4 and H20. 

69. A processor based system comprising: 

a processor; and 

an integrated circuit device coupled to said processor, at 
least one of said processor and integrated circuit device 
comprising: 
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a substrate; 

an insulation layer over said substrate; and 

a conductive plug in said insulation layer and in contact 
With a region of said substrate; said conductive plug 
having a surface covered With an ALD barrier ?lm, said 
barrier ?lm comprising an initiation layer and at least 
one reaction layer. 

70. The system of claim 69, Wherein said initiation layer 
is formed of at least one titanium-containing compound. 

71. The system of claim 70, Wherein each of said reaction 
layer(s) is formed of WNX. 

72. The system of claim 69, Wherein said integrated 
circuit device is a memory circuit. 

73. A method of depositing a ?lm on a substrate of a 
semiconductor device, comprising: 

a) exposing said substrate to at least one chemisorbent 
material in a quantity suf?cient for said material to stick 
onto said substrate to thereby form an initiation layer, 
said initiation layer presenting at least one ?rst reactive 
moiety; 

b) chemically reacting said ?rst reactive moiety With at 
least one ?rst reaction material to form a second 
reactive moiety; and 

c) chemically reacting said second reactive moiety With at 
least one second reaction material, Wherein said steps a) 
through c) are performed under atomic layer deposition 
conditions suf?cient to form at least one reaction layer 
over said initiation layer, Whereby said initiation layer 
material is not substantially degraded during said steps 
b) and c). 


